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ABSTRACT 



This guide provides information on how to create schools 
that provide better learning environments for students and teachers, cost 
less to operate, and help protect the environment. The guide is organized 
into three core sections. The first provides an overview and two interrelated 
discussions on what is a high performance school building and why are such 
schools valuable. The second section provides issue-specific questions that 
decision-makers can ask their design team as a means of driving the project 
toward the highest achievable levels of performance. The final section 
contains 16, 2 -page "briefs" that describe each of the key components which, 
when integrated as elements of "whole building" design, result in a high 
performance building. Each brief describes what the building block is, why 
it's important to students and teachers, as well as to the school's bottom 
line; how it can be incorporated into the school's design; how it influences 
other building components and systems; and where more detailed information 
can be found. (GR) 
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High Performance School Buildings 
Resource & Strategy Guide 



The High Performance School Buildings Resource & Strategy Guide is 
a simple, easy-to-use roadmap for use in creating schools that: 

• Provide better learning environments for students and teachers; 

• Cost less to operate; and 

• Help protect the environment. 

Background 

According to a recent General Accounting Office report, an 
estimated 6,000 new schools will be built nationwide by the year 
2007. The sheer scope of this undertaking makes it clear that the 
U.S. is faced with a once-in-a-lifetime opportunity to shape the built 
environment in ways that will influence the lives of K-12 students for 
generations to come. High performance school buildings - those 
which incorporate the very best in today's design strategies and 
building technologies - can help make the most of this remarkable 
opportunity. 



Designing and procuring energy- and resource-efficient schools is 
possible right now. All that's needed is the vision, determination, 
and knowledge to make high performance the standard of 
performance in school facility design and construction. This Resource 
& Strategy Guide provides the requisite knowledge, and is intended 
for those with the vision and determination to put this knowledge to 
work in building new schools. 



Audience 

The Resource & Strategy Guide has been developed specifically for 
those who control the process by which new schools are designed 
and built: school superintendents, business officials, board members, 
and other key decision-makers. It is not intended as the sole 
reference for architects and other design professionals, who have 
their own, more technical guidance for creating high performance 
buildings. It is structured to meet the needs of those who hire and 
manage the services of these professionals, and as a guide for further 
research by A/Es and others engaged in school facility design. 

Organization 

The Guide is organized into three core sections. 



Section 1 provides an overview and two interrelated discussions: 

• What is a High Performance School Building? 

• Why is a High Performance School Building Valuable? 





"High performance facilities 
are a critical part of the 
equation for improving 
student outcomes in this 
country." 



- Jack Lyons 
Education Facilities 
Program Manager, U.S. 
Department of 

Education 
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Schools currently spend more 
than $6 billion per year on 
energy, exceeding the 
combined cost of supplies and 
books. The U.S. Department 
of Energy estimates that 
energy costs, when combined 
with the costs of water, 
wastewater processing, and 
trash collection, average out 
at $125 per student per year. 
High performance buildings 
can reduce this number by up 
to $50 per student per year! 



Section 2 is the Process Guide, which provides issue-specific questions 
that decision-makers can ask their design team as a means of driving 
the project toward the highest achievable levels of performance. The 
questions are organized according to the key phases of the 
development process: 

• Programming and Goal Setting; 

• Site Analysis; 

• Selecting the A/E Team; 

• Schematic Design; 

• Design Development; 

• Construction Documents; 

• Bidding and Negotiation; and 

• Construction Administration. 

Section 3 contains the Building Blocks of High Performance School 
Buildings - 16 two-page 'briefs' that describe each of the key 
components which, when integrated as elements of 'whole building' 
design, result in a high performance building. Each brief describes: 

• What the Building Block is; 

• Why it's important to students and teachers, as well as to the 
school's bottom line; 

• How it can be incorporated into the school's design; 

• How it influences other building components and systems; and 

• Where more detailed information can be found. 

Taken together, the three sections provide a new and unique method 
for guiding the design and development process so that any new 
school - no matter what the budget - can achieve the highest 
performance levels possible for its particular circumstances. 
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High Performance School Buildings 

What is a High Performance School Building? 



Characteristics 

A high performance school building has three key characteristics: 

• It is healthy and productive for students and teachers, in that 
it provides... 

High levels of acoustic, thermal, and visual comfort; 

Large amounts of natural daylight; 

Superior indoor air quality; and 
A safe and secure environment. 

• It is cost effective to operate and maintain, because it s design 
employs... 

Energy analysis tools that optimize energy performance; 

- A life cycle cost approach that reduces the total costs of 
ownership; and 

A commissioning process that ensures the facility will 
operate in a manner consistent with design intent. 

• It is sustainable, because it integrates... 

Energy conservation and renewable energy strategies; 
High performance mechanical and lighting systems; 

- Environmentally responsive site planning; 

Environmentally preferable materials and products; and 

- Water-efficient design. 

Creating a school with these characteristics is not difficult, but it 
does require an integrated, whole building approach to the design 
process. Key systems and technologies - the 'building blocks' of a 
high performance school - must be considered holistically, from the 
very beginning of the design process, and optimized throughout 
based on their combined impact on the comfort and productivity of 
students and teachers. At the conclusion of the process, the entire 
facility will be optimized to achieve long-term value and 
performance. The result will be a finished school that is an enduring 
asset to its community; one that enhances teaching and learning, 
reduces operating costs, and protects the environment. 

Building Blocks 

The following list summarizes the main Building Blocks of a high 
performance school - the components which, when integrated as 
elements of a 'whole building' design, will do the most to create a 
school that is healthy and productive, cost effective and sustainable. 
Each of these topics is covered in detail under the Building Blocks 
section of the Resource & Strategy Guide. 

• Acoustic Comfort - Students and teachers can hear one 
another without shouting. Noise from inside and outside the 
classroom is minimized. 

• Commissioning - The school operates in accordance with 
design intent and meets the needs of the owner. This is made 
possible by implementing a formal commissioning process - a 
kind of 'systems check' for the facility. The process tests, verifies, 




Boscawen Elementary School 
Boscawen, NH 



This 420-student school is daylit and 
also utilizes i 00% fresh outdoor air 
in a system that ensures superior air 
quality even as it saves energy. 

" It's light, it's bright, and the use of 
space is so efficient for us, especially 
having come from a mid- 1860s 
building. I've already sensed a 
calmness in the new building that is 
wonderful. It's an environment that's 
going to enhance our educational 
efforts. We expect to take off and do 
some remarkable things. The 
environment we're now living and 
working in will help us do that. " 

-Jane Lacasse, Principal 





Roy Lee Walker Elementary 
School 

McKinney Texas 
Independent School District 

In one year, sufficient rainwater 
flows off the roof of this new K-5 
school north of Dallas to meet the 
school's needs six times over. A 
portion of this water is captured and 
stored in cisterns - enough to water 
the grounds and flush the toilets 
year round. 




Dena Boer Elementary School 
Salida, CA 



Skylights do double duty in this 800- 
student, K-5 school. They provide 
high quality light to the classrooms, 
while at the same time helping to 
vent air to the outside. In conjunc- 
tion with operable windows, this 
allows for natural ventilation when 
the weather outside is temperate, 
thus saving on heating and cooling 
energy costs . 

"The skylights create an open, bright 
work environment. We just seem to 
have more room. Visitors say it sure 
is a pleasant place to come into. " 



O 




and fine-tunes the performance of key building systems so that 
they perform at the highest levels of efficiency. 

• Daylighting - As much natural daylight as cost-effectively 
possible is provided, particularly in classrooms where it can do the 
most good. Daylighting systems are designed to avoid excessive 
heat loss or gain and to minimize glare. 

• Energy Analysis Tools - The facility is designed to reduce 
short- and long-term energy costs as much as possible while 
maintaining a high quality learning environment. Energy analysis 
tools are used to predict the energy impacts of alternative design 
strategies and to select the best combinations of quality and 
energy efficiency. 

• Energy Efficient Building Shell - The walls, floors, roofs, 
and windows of the school are as energy efficient as 
economically practicable. The building shell integrates and 
optimizes insulation levels, glazing, shading, thermal mass, air 
leakage, and light-colored exterior surfaces. 

• Environmentally Preferable Materials and Products - 
To the maximum extent possible, the school incorporates 
materials and products that are durable, non-toxic, derived from 
sustainable-yield processes, high in recycled content, and easily 
recycled themselves. 

• Environmentally Responsive Site Planning - To the 

extent possible, the school's site conserves existing natural areas 
and restores damaged ones, minimizes stormwater runoff and 
controls erosion, and enhances the building's high performance 
features. 

• High Performance HVAC - The school's 
heating/ventilating/ air conditioning (HVAC) system uses high 
efficiency equipment, is 'right sized' for the estimated demands 
of the facility, and includes controls that boost system 
performance. 

• High Performance Electric Lighting - Students and 
teachers work in a high quality visual environment that stimulates 
learning while saving energy. The school's lighting system uses 
high efficiency lamps and ballasts, optimizes the number of light 
fixtures in each room, incorporates controls that ensure peak 
system performance, and successfully integrates electric lighting 
and daylighting strategies. 

• Life Cycle Cost Analysis - The school is optimized with a 
view toward its total cost of ownership over time. Initial, 
operating, and maintenance/repair/replacement costs are 
compared for numerous design alternatives using a life cycle cost 
analysis tool or tools. The best combination of quality and long- 
term cost effectiveness is selected. 

• Renewable Energy - The school maximizes the cost- 
effective use of renewable systems to meet its energy needs. 
During the design process, the following systems are 
systematically evaluated and considered: passive solar heating, 
solar hot water, active solar (for space heating), geothermal heat 



- Rick Bartkowski, Principal 
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pumps, natural ventilation, wind-generated electricity, photovoltaically generated electricity, and green 
power. 

Safety and Security - Students and teachers feel safe anywhere in the building or on the grounds. 

A secure environment is created primarily by design : opportunities for natural surveillance are 
optimized, a sense of territoriality is reinforced, and access is controlled. Security technology is used to 
enhance, rather than substitute for, the design features. 

Superior Indoor Air Quality - Students and teachers suffer no ill effects from the air inside the 
school. Sources of contamination are controlled, adequate ventilation is provided, and moisture 
accumulation is prevented. 

Thermal Comfort - Occupants are comfortable at all times. Temperature and humidity remain in the 
'comfort zone.' Hot, stuffy rooms and cold, drafty ones are eliminated. Teachers have control over 
thermal conditions in individual classrooms. 

Visual Comfort- A rich visual environment is provided. The lighting for each room is 'designed', not 
simply specified. Daylight and electric light are integrated and optimized. Glare is eliminated. 

Water Efficiency - The school uses as little off-site water as possible to meet its needs. The school 
controls and reduces water run-off from its site, consumes fresh water as efficiently as possible, and 
recovers and reuses graywater to the extent feasible. 



High Performance School Buildings 

Why Is A High Performance School Building Valuable? 



Benefits 

A high performance building - one that is healthy and productive, 
cost effective, and sustainable - supports a school's mission by 
delivering at least seven key benefits: 

• Better student performance; 

• Increased average daily attendance; 

• Increased teacher satisfaction and retention; 

• Reduced operating costs; 

• Reduced liability exposure; 

• A positive influence on the environment; and 

• Increased opportunities for using the facility itself as a teaching 
tool. 

These benefits only accrue if high performance is established as a 
specific design goal from the very beginning, and if it is fought for, 
with perseverance and determination, throughout the course of the 
development process. A focus on student and teacher outcomes, 
coupled with concern for the environment and a commitment to cost- 
effectiveness, will help ensure that the effort is successful and that any 
school - no matter what its budget - achieves the highest 
performance level possible in light of its particular circumstances. 

Better Student Performance 

A growing number of studies are confirming the relationship between 
a school's physical condition - especially its lighting and indoor air 
quality - and student performance. One recent study of school 
districts in California, Washington, and Colorado strongly indicates a 
correlation between increased daylighting and improved student 
performance. In the California district, for example, students with the 
most daylighting progressed 20% faster on math tests and 26% 
faster on reading tests in one year in comparison to those with the 
least amount of daylight. These results echo findings in a similar study 
conducted on schools in North Carolina. The message is clear, and it 
confirms what teachers, students, and parents have known 
anecdotally for years: a better facility - one with great acoustics, 
lighting, indoor air quality, and other high performance features - will 
deliver improved student outcomes. 

Increased Average Daily Attendance 

A high performance school provides superior indoor air quality by 
controlling sources of contaminants, providing adequate ventilation, 
and preventing moisture accumulation. As a consequence, pollutants 
are kept out of the classroom, stale air is eliminated, and mold growth 
is inhibited - all tactics designed to reduce the sources of health 
problems and reduce the spread of airborne infections. The result will 
be fewer sick days for students and teachers, especially those suffering 
from asthma or other respiratory ailments. 




Durant Road Middle School 
Wake County, NC 



"The daylit classrooms have 
increased the well being of the 
students and teachers and are at 
least partially responsible for our 
record high attendance rates. We are 
running about 3% ahead of the rest 
of the county in attendance. We stay 
around 98%. 



- Tom Benton, Principal 
Durant Road Middle School 



The results of the analyses of the 
three districts are remarkably 
consistent: all show positive daylight 
effects with highly significant results. 
The actual magnitude of the effects 
is less important than the 
observation that a consistent effect 
can be found in three very different 
school districts. 

• We found a uniformly positive 
and statistically significant 
correlation between the 
presence of daylighting and 
better student test scores in all 
three districts . 

• We found that the positive 
effect of daylighting was 
distinct from all the other 
attributes of windows. " 

Excerpted from Daylighting in 
Schools: An Investigation into the 
Relationship Between Daylighting 
and Human Performance 

- Prepared by the Heschong Mahone 
Group for the Pacific Gas and Electric 
Company on behalf of the California 
Board for Energy Efficiency Third 
Party Program. 



7 have noticed a big difference in 
my health since we've been in the 
new school. I had a lot of 
absenteeism - in fact , I was 
hospitalized in the old building. In 
the new school ' / won't say that 
I'm cured of asthma - 1 still have it 
and I still have allergies - but I 
really don't have many problems at 
all and I'm feeling great " 

Teacher at a new school 
in New Hampshire using 
the Advantage Classroom™ 
design concept. 




Oquirrh Hills Elementary School 
Kearns, Utah 



A light-colored , well-insulated roof, a 
high efficiency lighting system , 
energy management controls, and 
low-e windows all combined to 
reduce the operating costs of this 
elementary school near Salt Lake City 
by $22,000 annually. 




Brunswick High School 
Brunswick, ME 



This 1200-student high school has 
been designed - inside and out - to 
take educational advantage of its 
environmentally friendly systems and 
technologies. A high performance 
energy management system has 
been installed and is connected to a 
touch pad monitor that any student 
of teacher can use to check the real- 
time use of oil and electricity 
throughout the building. In some 
rooms, transparent ceiling tiles have 
been installed so students can see 
heating and cooling, electricity and 
ventilation air move around the 
school. And outside, a natural 
wetlands, 'mini-arboretum' and 
^ f^mwater treatment facility all 

\K r e as outdoor labs for classes 
Woughout the year. 



Increased Teacher Satisfaction and Retention 

High performance classrooms are designed to be pleasant and 
effective places to work. They are visually and thermally comfortable, 
incorporate good acoustics to help minimize distraction, and provide 
indoor air that is fresh and clean. Such environments yield tangible 
results in terms of recruiting and retaining teachers, and in improving 
their overall satisfaction with their positions. 

Reduced Operating Costs 

Through the use of life cycle costing methods, high performance 
schools are specifically designed to minimize the long-term costs of 
ownership. They use less energy and water than standard schools and 
are easy to maintain. As a consequence, overall operating costs are 
low and will remain so over the life of the facility. 

Reduced Liability Exposure 

Because high performance schools are healthy - in particular, because 
they emphasize superior indoor air quality - high performance school 
buildings reduce a district's exposure to health-related lawsuits. They 
also provide good classroom acoustics, minimizing potential conflicts 
with the Americans with Disabilities Act. 

Positive Impact on the Environment 

High performance school buildings are consciously designed to 
respond to and positively influence the environment. They are energy 
and water efficient. They use durable, non-toxic materials that are 
high in recycled content and are themselves easily recycled. They 
preserve pristine natural areas on their sites and restore damaged 
ones. And they use non-polluting, renewable energy to the greatest 
extent possible. As a consequence, high performance school buildings 
are good environmental citizens, and they are designed to stay that 
way throughout their entire life cycles. 

Using the Facility as a Teaching Tool 

Many of the technologies and techniques used to create high 
performance schools can also be used as teaching tools. Renewable 
energy systems - solar, solar electric, and wind - are ideal for 'hands- 
on' demonstrations of scientific principles. Wetlands, nature preserves, 
and other site amenities can be used as outdoor laboratories. 
Mechanical and lighting equipment and controls can be used to 
illustrate lessons on energy use and conservation. And daylighting 
systems can help students understand the daily and yearly movements 
of the sun. Although any school building can be used as a teaching 
tool, many of the technologies and strategies commonly found in 
high performance facilities are particularly suitable for educational 
purposes. 
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High Performance School Buildings 

Introducing the Process Guide 



The Process Guide presents a step-by-step method for 
managing the design process in ways that ensure the 
desired outcome: a high performance school building. 

The Guide contains a series of questions, organized by 
design phase, that the 'owners' of a new school (the 
superintendents, business officials, board members, and 
others who are guiding the facility development process) 
can use to ensure that their design team actively 
considers all the key components of a high performance 
school during each phase of the development process. 

Using the Process Guide 

Over the course of designing and building a new facility, 
school representatives will meet regularly with their 
design team to discuss progress. The Process Guide 
should be used to help guide discussion during these 
meetings. 

The Guide is divided into eight sections corresponding to 
key phases in the design/development process: 

• Site Analysis 

• Selecting the A/E Team 

• Programming and Goal Setting 

• Schematic Design 

• Design Development 

• Construction Documents 

• Bidding and Negotiation 

• Construction Administration 



"In times of limited resources and faced 
with an increasing demand for student 
achievement and accountability, it's 
critically important for local districts to 
embrace the strategies and concepts that 
lead to high performance school 
buildings." 



- Duwayne Brooks 
Assistant Superintendent of 
Public Instruction 
California Department of Education 




The appropriate section of the Process Guide should be 
consulted at the start of each phase. The list of questions 
should be used, throughout this phase of the process, to 
help frame productive discussions with the design team. 

The questions in each section of the Process Guide are 
designed to address the key Building Blocks of any high 
performance school: 

Acoustic Comfort, Commissioning, Daylighting, 
Energy Analysis Tools, Environmentally Preferable 
Materials and Products, Environmentally Responsive 
Site Planning, High Performance 
Heating/Ventilating/Air Conditioning Systems, High 
Performance Electric Lighting, Life Cycle Cost 
Analysis, Renewable Energy, Safety and Security, 
Superior Indoor Air Quality, Thermal Comfort, 

Visual Comfort, and Water Efficiency. 



A study by the General Accounting Office 
shows the types of impacts substandard 
buildings can have on environmental 
conditions, and consequently, on teaching 
and learning. The table below indicates the 
percentage of schools nationwide reporting 
unsatisfactory conditions in six key 
environmental areas (from GAO Report 
GAO/HEHS -95-61). 



Acoustics 


28 . 1 % 


Ventilation 


27 . 1 % 


Security 


24 . 2 % 


Heating 


19 . 2 % 


Air Quality 


19 . 2 % 


Lighting 


15 . 6 % 



For a quick overview of each of these Building Blocks - 

and a guide to more detailed resources on each topic - consult Section 3 of the High Performance School 
Buildings Resource and Strategy Guide. 



High Performance School Buildings 

Process Guide 



Site Analysis 



i. 



2 . 

3. 



4. 

5. 

6 . 

7. 




8 . 

9. 

10 . 



Questions to ask as a potential or actual site is being reviewed. 

Acoustic Comfort 

□ Are there major sources of noise near the site (e.g., highways, shopping areas)? 

□ Can the site be used to minimize the impacts of these noise sources (e.g., through planting, earth 
berms, etc)? 

Commissioning 

□ N/A 

Daylighting 

□ Does the site allow the building to be oriented on an east-west axis, maximizing southern exposure? 

□ How will site elements (e.g., existing trees or adjacent buildings) influence the building's access to 
sunlight? 

□ Can the site accommodate one-story construction to allow skylights or roof monitors in the 
classrooms? 

Energy Analysis Tools 

□ N/A 

Energy Efficient Building Shell 

□ N/A 

Environmentally Preferable Materials 8c Products 

□ N/A 

Environmentally Responsive Site Planning 

□ Can existing natural areas on the site be preserved? 

□ Does the site lend itself to controlling stormwater runoff? 

□ What areas of the site could be used as 'outdoor laboratories' for teaching? 

□ Is there good pedestrian, mass transit, and/or bicycle access? 

High Performance HVAC 

□ N/A 

High Performance Electric Lighting 

□ N/A 

Life Cycle Cost Analysis 

□ N/A 



11. Renewable Energy 

□ Does the site have good solar access - for daylighting, active and passive solar heating, solar hot 
water, and/or photovoltaic systems? 

□ Could the site use wind power to generate electricity? 

12. Safety and Security 

□ Are there clear lines of sight to and from the school building throughout the site? 

□ Are there areas (depressions in the ground, stands of trees, thick shrubs) where people can be hidden 
from view? 



13. Superior Indoor Air Quality 

□ Is the site near any sources of outdoor pollution? 



14. Thermal Comfort 

□ Are there prevailing breezes that could be used to 



help naturally ventilate the building? 




15. Visual Comfort 

□ Does the site provide special views that should be preserved? 



14 



16. Water Efficiency 

□ Does the site lend itself to the use of high efficiency irrigation techniques? 

□ Could the site accommodate on-site wastewater treatment? 
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High Performance School Buildings 

Process Guide 



Selecting the A/E Team 



Questions to ask prospective Architecture/Engineering teams to ensure that they have 
the necessary experience and qualifications to deliver a high performance school. 

1 . Acoustic Comfort 

□ How has the team addressed acoustic performance in previous projects? 

□ What specific strategies has the team used to ensure acoustic quality? 

□ How has the team applied these strategies in classrooms? 

2. Commissioning 

□ Have any of the team's previous buildings (especially schools) gone through a commissioning process? 

□ How detailed was the commissioning? Who acted as commissioning agent? 

□ What were the results? 

3. Daylighting 

□ What examples can the team provide of previous projects that incorporate daylighting? 

□ Are any of these examples schools, especially classrooms? 

□ What daylighting strategies did the team use? 

□ Are the occupants satisfied with the results? 

□ Are the strategies saving energy? How much? 

□ What analysis tool does the team use to optimize performance of the daylighting systems it designs? 

4. Energy Analysis Tools 

□ What energy analysis tool(s) does the team use on its projects? 

□ How does it use the tool(s) to reduce energy consumption in its designs? 

□ Has it applied the tools to school design? What were the results? 

□ What tool(s) does the team propose for the project under discussion? 

5. Energy Efficient Building Shell 

□ How has the team achieved energy efficient walls, floors, and roofs on previous projects? 

□ What key techniques, materials, and products were used and what was the resulting impact on energy 
performance? 

□ Are the systems still performing as designed? 

6. Environmentally Preferable Materials and Products 

□ What experience does the team have in specifying environmentally responsible materials and products 
in its projects? 

□ Does the team have knowledge of how these materials and products can be procured and how they 
are installed? 

□ Does the team have knowledge of how these materials and products perform over time? 

□ Has the team ever specified environmentally responsible materials and products for schools? 

7. Environmentally Responsive Site Planning 

□ Has the team created environmentally responsible site plans before? 

□ What were the key features and how are they performing? 

8. High Performance HVAC (heating/ventilating/air conditioning) 

□ Does the team specify high performance HVAC systems as standard practice? 

□ What tools does the team use to analyze and optimize the performance of HVAC systems? 

□ What high performance HVAC systems has the team put in place in previous projects (preferably 
schools)? 

□ How much energy was saved as a direct result of specifying these systems? 

□ How have these systems performed over time? 

9. High Performance Electric Lighting 

□ Does the team have experience designing high performance electric lighting systems (preferably in 
schools)? 

□ Are these systems providing a high quality visual environment and saving energy? 



□ What is the team's experience in integrating daylighting and electric lighting systems? 

□ What tool(s) does the team use to analyze and optimize the combined performance of daylighting and 
electric lighting systems? 

10. Life Cycle Cost Analysis 

□ What life cycle cost methodology does the team use on its projects? 

□ How does it use the methodology to reduce the total ownership costs of the buildings it designs? 

□ Has it applied the methodology to school design? What were the results? 

□ What methodology does the team propose for the project under discussion? 

11. Renewable Energy 

□ What is the team's experience designing and/or installing renewable energy systems? 

□ What specific systems have they used or installed (preferably in schools)? 

□ How much energy are these systems saving? 

□ Are they still performing as intended? 

12. Safety and Security 

□ Does the team have experience with Crime Prevention Through Environmental Design (CPTED)? 

□ How has the team incorporated CPTED principles into previous projects (preferably schools)? 

□ How does the team balance the use of security technology and the use of CPTED principles in its 
buildings? Does it emphasize 'security by design' first and technology second? 

13. Superior Indoor Air Quality 

□ What is the team's approach to delivering superior indoor air quality? 

□ In previous projects (preferably schools), how has the team addressed: controlling sources of 
contaminants in a building, providing adequate ventilation, and avoiding moisture accumulation? 

□ Have any of their buildings experienced indoor air quality problems requiring remedial action? 

14. Thermal Comfort 

□ What is the team's approach to maintaining thermal comfort in the buildings they design? 

15. Visual Comfort 

□ What is the team's approach to ensuring visual comfort in the buildings they design? 

□ Do they have examples (preferably classrooms) that can be visited and 'test driven'? 

16. Water Efficiency 

□ What is the team's experience with water-efficient landscaping, water use reduction techniques, 
and/or innovative wastewater treatment systems? 

□ Have they applied any of these techniques to schools? 

□ What have the results been? 
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High Performance School Buildings 

Process Guide 



Programming and Goal Setting 



Questions that will help establish clear, explicit high performance goals as early as possible in the 
design process - during development of the building's program (the document detailing the 
basic scope of the project, the types and number of rooms required, etc.). 



1. Acoustic Comfort 

□ Have good classroom acoustics been established as a design goal for the project? 

2. Commissioning 

□ Has the team committed to, and budgeted for, commissioning as a basic component of the project? 

□ Has a commissioning agent been engaged? 

3. Daylighting 

□ Has optimized daylighting been specifically established as a design goal for the school and, in particular, 
for the classrooms? 



4. Energy Analysis Tools 

□ Is the design team required to use an energy analysis tool to help maximize the building's energy 
performance? 

□ What tool has been selected? 

□ At what stages in the design process will the tool be used, and what types of analyses will be 
performed? 

□ Has an energy use goal (i.e., a maximum amount of nonrenewable energy the school should consume in 

a year) been established? What is it (e.g., % better than the building code requires)? 




5. 



Energy Efficient Building Shell 

□ Has providing an energy efficient building shell been established as a goal for the project? 

□ Does the basic programming allow windows on the east and west to be smaller (to reduce unwanted 
heat gain) and those on the north and south to be larger (to enhance daylighting opportunities)? For 
example, does the programming group functions that may need less glazing (auditoriums, kitchens, 
etc.) on the east and west, and those that will benefit most from daylight (classrooms, corridors, etc.) on 
the north and south? 



6. Environmentally Preferable Materials and Products 

□ Has using environmentally preferable materials and products (to the extent feasible) been established as 
a design goal? 

□ Has the meaning of 'environmentally preferable' been agreed to by the owner and the design team? 

7. Environmentally Responsive Site Planning 

□ Has preserving natural areas on the site been established as a design goal? 

□ Is minimizing stormwater runoff a design goal for the site? 

8. High Performance HVAC 

□ Is using high efficiency heating, ventilating, and air conditioning equipment a design goal for the 
project? 

□ Is 'right sizing' this equipment (by accurately predicting demand and sizing the equipment to meet it) a 
design goal? 

9. High Performance Electric Lighting 

□ Is a high performance electric lighting system (especially in classrooms) a design goal? 

□ Is optimizing the interaction between the electric lighting system and any daylighting strategies a design 
goal? 



10. Life Cycle Cost Analysis 

□ Has using some form of life cycle cost analysis methodology been established as a requirement for the 
design team? 

□ What methodology will be used? 
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□ What basic assumptions (e.g., projected life of the facility, projected energy costs, rate of inflation, etc.) 
have been built into the methodology? Have these assumptions been agreed to by all parties? 

11. Renewable Energy 

□ Is maximizing the cost-effective use of renewable energy a design goal for the project? 

□ What percentage of the projected annual energy use of the facility should be provided by renewable 
energy systems? Has this percentage been agreed to by all parties? 

12. Safety and Security 

□ Has security been established as a design goal for the project? 

□ As part of programming, are basic room placements and adjacencies being considered in terms of their 
impacts on safety and security (e.g., is the main entrance visible from the administrative offices, etc.)? 

13. Superior Indoor Air Quality 

□ Has superior indoor air quality been established as a design goal for the project? 

14. Thermal Comfort 

□ Has thermal comfort been established as a design goal, especially for the classrooms? 

15. Visual Comfort 

□ Has visual comfort been established as a design goal, especially for the classrooms? 

16. Water Efficiency 

□ Has water efficiency been established as a design goal for the project? 

□ Have water use goals for the school been established? 
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High Performance School Buildings 

Process Guide Schematic Design 



Questions to ask during the conceptual design phase, when key decisions on the basic scale and 
layout of the facility are being made, and the project's overall scope and direction are being 
established. Modifying these decisions at later stages may prove to be difficult and costly. 

1. Acoustic Comfort 

□ Does the basic layout of the classrooms help or hinder good acoustics (i.e., does it damp or magnify 
sound reverberation)? 

□ Do any of the classrooms face sources of outside noise? If so, what measures are proposed to reduce 
' the impact of this noise? 

□ Are any of the classrooms located next to sources of inside noise (music rooms, rooms with amplified 
sound systems)? If so, what measures are proposed to reduce the impact of this noise? 

2. Commissioning 

□ Is appropriate design documentation being collected by/delivered to the commissioning agent? 

3. Daylighting 

□ What basic strategies are being considered for bringing daylight into the school, particularly the 
classrooms? 

□ What strategies are being considered to control unwanted heat gain and glare? 

□ What tools are being used to analyze the impact of any daylighting strategies on the electric lighting 
system and on visual comfort and energy use? 

□ What are the preliminary results of these analyses? 

4. Energy Analysis Tools 

□ Have the energy analysis tool(s) selected for the project been used to project energy consumption at 
least once (preferably several times) during this phase of design? 

□ Do the results meet or exceed the energy goal for the facility? 

Efficient Building Shell 

What basic assemblies and configurations are being considered for the walls, floors, and roofs of the 
facility? 

What types of materials (glazing, shading, insulation, air barriers, structural materials) are being 
considered? 

How are trade-offs (between amounts of window versus wall, between one type of glazing versus 
another, etc.) being analyzed, and how will the overall performance of the shell as a whole be 
optimized? 

How are the impacts of thermal mass being addressed? 

Are light colored surfaces (particularly roofing) being considered as a means of reducing heat gain? 

6. Environmentally Preferable Materials and Products 

□ What types of environmentally preferable materials and products are being considered and where will 
they be used? 

□ Does the basic design facilitate recycling by students and staff? 

7. Environmentally Responsive Site Planning 

□ Is the building, particularly the classroom wings, oriented in a predominantly east-west direction to 
facilitate access to daylight? 

□ Does the design preserve existing natural areas of the site? 

□ Does the design help control stormwater runoff? 

□ Does the design minimize areas covered with impervious surfaces (e.g., parking lots, paved walkways, 
etc.)? 

8. High Performance HVAC 

□ What type of HVAC system is being considered for the school? 

□ Why is this system optimal from a comfort/energy performance perspective? 

□ How are the interactions between the HVAC system and other key building systems (lighting, 
daylighting, building shell) being analyzed and optimized? 



5. Energy 

□ 

□ 

□ 

□ 

□ 



□ Is natural ventilation being considered? If so, are its potential impacts on HVAC performance being 
factored into the analytic process? 

9. High Performance Electric Lighting 

□ What electric lighting system is being proposed for the school and, in particular, for the classrooms? 

□ What are its energy and visual performance benefits? 

□ How does it interact with the daylighting strategies being used? 

□ How are these interactions being analyzed and optimized? 

10. Life Cycle Cost Analysis 

□ Has the life cycle cost methodology selected for the project been used to compare and optimize 
alternative design strategies at least once (preferably several times) during this phase of the process? 

11. Renewable Energy 

□ What renewable energy strategies are being considered for the school? 

□ How much energy will they save? 

□ What are their life cycle cost benefits? 

□ How will they impact the site plan or the building design? 

□ How will they impact other building systems (lighting, electrical, HVAC, building shell)? 

12. Safety and Security 

□ How have Crime Prevention through Environmental Design (CPTED) principles been applied during this 
phase of the process? 

□ Are opportunities for natural surveillance and access control being 'designed in'? 

□ What security technologies are being considered? How do they reinforce and extend the impact of the 
school's security-focused design features? 

13. Superior Indoor Air Quality 

□ Will the HVAC system being considered provide adequate ventilation, especially to the classrooms? 

□ Does the basic layout of the school keep operable windows and air intake vents away from sources of 
exhaust (e.g., cars and buses)? 

14. Thermal Comfort 

□ Are windows and skylights being designed to minimize 'hot spots' caused by direct sunlight? 

□ Are temperature controls being considered for each classroom? 

15. Visual Comfort 

□ Are the basic daylighting and electric lighting designs being developed so that they provide illumination 
in as uniform a manner as possible, using task or accent lighting as appropriate to meet specific needs? 

□ Are individual lighting designs being developed for individual room types? Do the designs vary, even 
within room type, depending on the amount of daylight the room will receive? 

□ Is the potential for glare being analyzed, and are the lighting/daylighting systems being designed to 
minimize it? 

□ Are the color and texture of wall, floor, and ceiling surfaces being taken into account in terms of their 
interaction with the lighting and their combined impact on the visual environment? 

16. Water Efficiency 

□ Is water efficient landscaping part of the preliminary site design? 

□ Is irrigating only the athletic fields (not plants near buildings or parking lots) being considered? 

□ Are water reduction techniques being considered for school plumbing fixtures and equipment? 

□ Is capturing and reusing rainwater being considered? 

□ Are innovative wastewater treatment techniques being considered? 
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High Performance School Buildings 

Process Guide 



Design Development 



Questions to ask as the size and character of the project become more refined 
and as key building materials and systems - architectural, structural, 
mechanical, and electrical - become more clearly defined. 

1. Acoustic Comfort 

□ How do the proposed materials and finishes (especially those used in the classrooms) help reduce sound 
reverberation? 

□ Have the classrooms been analyzed in terms of projected acoustic performance? 

□ Will the proposed heating/ventilating/air conditioning (HVAC) system for the classrooms create noise? If 
so, how will the noise be attenuated? 



2. Commissioning 

□ Is appropriate design documentation being collected by or delivered to the commissioning agent? 



3. Daylighting 

□ What daylighting strategies have been selected for the school (particularly the classrooms)? 

□ Are the classrooms receiving as much daylight as possible, while avoiding glare and unwanted heat 
gain? 

□ What types of glazing have been selected (for windows, clerestories, skylights, and/or roof monitors) 
and why are they more energy-efficient and cost-effective than competing alternatives? 

□ How will the daylighting and electric lighting systems interact? 

□ What analyses have been performed to optimize these interactions? 

□ Will the combined daylighting/electric lighting strategies reduce energy use and lower the school's 
operating costs over time? 

□ Has the possibility of reducing the number of light fixtures, or the number of lamps, in daylit rooms 
been investigated? 



4. 



Energy Analysis Tools 

□ Have the energy analysis tool(s) selected for the project been used to project energy consumption at 
least once (preferably several times) during this phase of design? 

□ Do the results meet or exceed the facility's energy goal? 



5. Energy Efficient Building Shell 

□ What basic wall, floor, and roof assemblies have been selected? 

□ What types of materials (glazing, shading, insulation, air barriers, structural materials) have been 
selected and why are they better, from an energy and life cycle cost perspective, than other alternatives? 

□ How have trade-offs (between amounts of window versus wall, between one type of glazing versus 
another, etc.) been analyzed, and how has the performance of the building shell as a whole been 
optimized? 

□ Have the impacts of thermal mass been factored in? 

□ Are light colored surfaces (particularly roofing) being used as a means to reduce heat gain? 



6. Environmentally Preferable Materials and Products 

□ What types of environmentally preferable materials and products have been selected and where will 
they be used? 

□ Are all the selected materials and products low emitters of indoor air contaminants? 



7. 




Environmentally Responsive Site Planning 

□ Does the final design preserve existing natural areas of the site? 

□ Does the design help control stormwater runoff? 

□ Does the design minimize areas covered with impervious surfaces (e.g., parking lots, paved walkways, 
etc.)? 

□ Do landscaping strategies (particularly tree planting) enhance the building's high performance features 
(i.e:, by providing shade where it's needed but not blocking sunlight that's used for daylighting)? 
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8. High Performance HVAC 

□ What type of HVAC system has been selected for the school? 

□ Why is this system optimal from a comfort / energy performance perspective? 

□ Is it the best system from a life cycle cost perspective? 

□ How have the interactions between the HVAC system and other key building systems (lighting, 
daylighting, building shell) been analyzed and optimized? 

□ Has natural ventilation been considered? If so, have its potential impacts on HVAC performance been 
factored into the analysis process? 

□ Has the HVAC equipment been 'right sized' to meet predicted demand? 

□ What control system(s) have been selected and how will they influence performance? 

□ What level of control will individual teachers have over the heating, ventilating, and air conditioning of 
their classrooms? 

□ Is the entire system configured for ease of operation, maintenance, and repair? 

9. High Performance Electric Lighting 

□ What electric lighting system(s) have been selected for the school and, in particular, for the classrooms? 

□ What are their energy and visual performance benefits? 

□ How do they interact with the daylighting strategies being implemented? How have these interactions 
been analyzed and optimized? 

□ What control system(s) have been selected and how will they effect performance? 

□ What level of control will teachers have over the lighting in their classrooms? 

10. Life Cycle Cost Analysis 

□ Has the life cycle cost methodology selected for the project been used to compare and optimize 
alternate design strategies at least once (preferably several times) during this phase of the process? 

11. Renewable Energy 

□ What renewable energy strategies have been selected and incorporated into the design? 

□ How much energy will they save? 

□ What are their life cycle cost benefits? 

□ How do they impact other building systems (lighting, electrical, HVAC, building shell)? 

□ What analysis has been performed to ensure that all of these systems will interact in a highly effective, 
integrated manner? 

12. Safety and Security 

□ How have Crime Prevention through Environmental Design (CPTED) principles been applied during this 
phase of the process? 

□ Have opportunities for natural surveillance and access control been 'designed in'? 

□ What security technologies have been selected? How do they reinforce and extend the impact of the 
school's security-focused design features? 

13. Superior Indoor Air Quality 

□ Will the HVAC system provide adequate ventilation, especially to the classrooms? 

□ Is the system designed to maintain the indoor relative humidity between 30% and 50%? 

□ Does the design provide local exhausts for restrooms, kitchens, science labs, janitor's closets, copy 
rooms, and vocational/industrial shop rooms? 

□ In large assembly areas, does the design include C0 2 sensors to monitor air quality? 

□ Are all the selected interior materials and products low emitters of indoor air contaminants? 

14. Thermal Comfort 

□ Are HVAC distribution layouts designed to ensure that all areas of a room receive adequate ventilation? 

1 5. Visual Comfort 

□ Do the daylighting and electric lighting system designs provide illumination in as uniform a manner as 
possible, using task or accent lighting as appropriate to meet specific needs? 

□ What tools have been used to model the interactions of both these systems in terms of their impacts on 
visual comfort? 
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□ 

□ 

□ 

□ 

□ 



Have direct/indirect lighting fixtures been selected for general illumination in classrooms? 

What shading strategies (internal and external) have been selected? 

Have individual lighting designs been developed for individual room types? Do the designs vary, even 
within room type, depending on the amount of daylight the room will receive? 

Has the potential for glare been analyzed, and have the lighting/daylighting systems been designed to 
minimize it? 

Have the color and texture of wall, floor, and ceiling surfaces been taken into account in terms of their 
interaction with lighting and their combined impact on the visual environment? 



16. Water Efficiency 

□ Has high efficiency irrigation technology been selected for athletic fields? 

□ Does the design use captured rainwater or recycled water for irrigation? 

□ Does the design include high efficiency equipment (dishwashers, laundry, cooling towers)? 

□ Does the design include low-flow showerheads and automatic lavatory faucet shut-off controls? 

□ Does the design include innovative wastewater treatment techniques? 
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High Performance School Buildings 

Process Guide 



Construction Documents 



Questions to ask once all the design elements are finalized 
and the documents (drawings and specifications) that will guide 
construction of the building are completed. 



1. Acoustic Comfort 

□ Are the walls of classrooms that are located next to noise sources designed for sound attenuation? 

□ If rooftop HVAC equipment is being used, is it mounted on isolators to reduce sound transmission? 

2. Commissioning 

□ Have commissioning requirements been included in the construction documents? 

□ Has a written commissioning plan been developed? 

3. Daylighting 

□ Will the construction details for daylighting components (the windows, lightshelves, roof monitors, 
skylights, shading devices, etc.) modify the performance of the system as a whole; i.e., will the required 
amount of daylight still reach the classrooms, will glare and heat gain be sufficiently controlled, etc? 
What will be the impact - on operating costs and on visual comfort - of any changes in performance? 

□ Will the final construction details of other building components (for example, the color and reflectance 
of roofing materials adjacent to skylights or roof monitors) change the dynamics of the daylighting 
system and impact performance? What will be the impact - on operating costs and on visual comfort - 
of any changes in performance? 

4. Energy Analysis Tools 

□ Have the energy analysis tool(s) selected for the project been used to project energy consumption at 
least once during this phase of design? 

□ Do the results meet or exceed the facility's energy goal? 

5. Energy Efficient Building Shell 

□ Do the final construction details for the wall, floor, and roof assemblies maintain the original design 
intent in terms of energy performance? (For example, do the assemblies allow insulation to be installed 
at the thickness originally specified, do air barriers cover all the areas they are supposed to, can areas - 
such as roof cavities - that need ventilation be adequately vented in the current configuration, etc.?) 

6. Environmentally Preferable Materials and Products 

□ Are the construction documents clear and explicit concerning the required environmental performance 
of the materials and products specified? 

□ Do the documents include language requiring that a proposed material or product substitution be of 
equal or better quality in comparison to the specified product in terms of its environmental attributes? 

7. Environmentally Responsive Site Planning 

□ Have hardy, indigenous plants been specified in the landscaping plan? 

□ Have exterior lights been designed to focus downward to reduce night sky light pollution? 

8. High Performance HVAC 

□ Do the equipment and products specified for the HVAC system continue to meet the design and 
performance goals previously established? 

□ What analyses have been performed to ensure that the system is 'right sized' to meet expected 
demand? 

9. High Performance Electric Lighting 

□ What lamps, ballasts, and fixtures have been specified? 

□ Why are they the best choices in terms of visual comfort, energy use, and long-term performance? 

□ Will the system as finally configured and specified be easy to operate, maintain, and repair? 

□ What is the impact of the system as finally configured on electricity use? 



□ Does the system as finally configured minimize waste heat? Has this been taken into account in sizing 
the cooling system? 

□ What controls have been specified? How will they help save energy and operating costs? 

□ What level of control will individual teachers have over the heating, ventilating, and air conditioning of 
their classrooms? 

10. Life Cycle Cost Analysis 

□ Has the life cycle cost methodology selected for the project been used to compare and optimize 
alternative design strategies at least once during this phase of the process? 

11. Renewable Energy 

□ Do the final construction details for renewable energy systems allow the systems to perform as 
designed? (For example, are solar systems installed so that they face the right direction, at the correct 
angle, to receive the right amount of sunlight? Does the final location of another building component - 
like a rooftop air conditioner - now prevent sunlight from reaching a solar collector? etc.) 

□ How are the renewable energy systems in their final configurations anticipated to perform from a life 
cycle standpoint? 

□ What warranty periods have been specified for the systems? 

12. Safety and Security 

□ What type of exterior lighting has been specified and how will it improve security? 

□ Have durable materials been specified in critical areas such as entrances? 

□ What security technologies have been specified? How do they reinforce and enhance the building's 
security-focused design features? 

13. Superior Indoor Air Quality 

□ Will the HVAC system as finally configured provide adequate ventilation, especially to the classrooms? 

□ Will the system maintain the indoor relative humidity between 30% and 50%? 

□ Are local exhausts provided for restrooms, kitchens, science labs, janitor's closets, copy rooms, and 
vocational/industrial shop rooms? 

□ Have C0 2 sensors been included in large assembly areas to monitor air quality? 

□ Are all the selected interior materials and products low emitters of indoor air contaminants? 

□ Have recessed grates or 'walk off' mats been installed at entrances to reduce the amount of dirt 
entering the building? 

14. Thermal Comfort 

□ In their final configurations, do HVAC distribution layouts ensure that all areas of a room receive 
adequate ventilation? 

□ Have controls been installed to provide teachers with adequate control over the thermal comfort of their 
classrooms? 

15. Visual Comfort 

□ In their final configurations, do the daylighting and electric lighting systems provide illumination as 
uniformly as possible, using task or accent lighting as appropriate to meet specific needs? 

□ Have direct/indirect lighting fixtures been specified for general illumination in classrooms? 

□ What shading strategies (internal and external) have been specified? 

□ Have the final configurations of other building components (such as the color of the walls, floor, or 
ceiling) been changed in ways that might influence system performance? Have the potential impacts of 
these changes on visual comfort been accounted for? 

16. Water Efficiency 

□ Has high efficiency irrigation technology been specified for athletic fields? 

□ Has high efficiency equipment (dishwashers, laundry, cooling towers) been specified? 

□ Have low-flow showerheads and automatic lavatory faucet shut off controls been specified? 

□ Does the design include innovative wastewater treatment techniques? 

□ What will be the impact of all these water saving strategies - in their final configurations - on water use 
at the school? Will the results meet the school's water use goal? 
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High Performance School Buildings 

Process Guide Bidding and Negotiation 



Questions to ask as contractor bids are received to ensure that any proposed material or product 
substitutions do not adversely affect the school's performance goals. 

1. Acoustic Comfort 

□ Have any substitutions been proposed (alternate wall/floor/ceiling materials, different types of HVAC 
equipment) that could diminish acoustical quality, particularly in the classrooms? 

□ If these substitutions are accepted, how will they affect overall acoustic comfort? 

2. Commissioning 

□ Has the commissioning plan been clearly described to potential bidders? 

3. Daylighting 

□ Have any substitutions been proposed (alternate glazing materials, different types of shading) that could 
influence the intended performance of the daylighting system? 

□ If these substitutions are accepted, how will they affect system performance, visual comfort, and life 
cycle cost? 

4. Energy Analysis Tools 

□ Are the energy analysis tool(s) selected for the project being used to evaluate the energy consumption 
consequences of proposed material, product, or system substitutions? 

□ Do the substitutions diminish the school's ability to meet its energy goal? 

5. Energy Efficient Building Shell 

□ Have any substitutions been proposed (alternate glazing materials, different types of insulation, alternate 
roofing products) that could influence the intended performance of the building shell? 

□ If these substitutions are accepted, how will they affect the energy performance of the building and its 
life cycle cost? 

6. Environmentally Preferable Materials and Products 

□ Are all proposed substitutions equal to or better than the specified products in terms of their 
environmental attributes? 

□ Are the substitutions also functionally equivalent to the specified products? (In other words, if they are 
accepted, they should not adversely affect the performance of the system or assembly in which they are 
used.) 

□ What analyses have been performed to ensure that substitutions will not degrade environmental quality 
or system performance? 

7. Environmentally Responsive Site Planning 

□ Have any substitutions been proposed (different plants, alternate materials for parking lots or walkways, 
alternate exterior light fixtures) that could reduce the environmental quality of the site plan? 

□ Will any of these substitutions diminish the building's performance? (For example, fewer trees may 
mean less shade and more heat gain in daylit classrooms.) 

□ Have these impacts been analyzed? How will they affect the overall life cycle cost of the facility? 

8. High Performance HVAC 

□ Have any substitutions been proposed - alternate equipment, different types of controls, alternate 
delivery hardware (e.g., diffusers) - that could modify system performance? 

□ After the substitutions, will the system still be 'right sized' to meet the demand (not over- or under- 
sized)? 

□ If these substitutions are accepted, how will they affect the energy performance of the building and its 
life cycle cost? 

9. High Performance Electric Lighting 

□ Have any substitutions been proposed (alternate lamps, ballasts or controls) that could impact the 
intended performance of the electric lighting system? 

□ Will these substitutions provide the same level of visual comfort consistent with design intent? 

□ Will they introduce any additional waste heat to the space? 

• * n 



□ Will they work correctly with the specified control system(s)? 

□ If these substitutions are accepted, how will they influence visual comfort, energy performance, and life 
cycle cost? 

10. Life Cycle Cost Analysis 

□ Is the life cycle cost methodology selected for the project being used to analyze proposed material or 
product substitutions in terms of their impacts on overall performance and cost effectiveness? 

11. Renewable Energy 

□ Have any substitutions been proposed - to specific systems or to the materials from which the systems 
are constructed - that could diminish intended performance? 

□ If these substitutions are accepted, how will they affect the energy performance and life cycle cost of 
the whole facility? 

12. Safety and Security 

□ Have any material substitutions been proposed that could reduce the durability - and increase the 
vulnerability - of critical areas in the building (such as entrances)? 

□ Have any security technology substitutions been proposed? 

□ How well will the alternative technologies fit in with and complement the school's design-focused 
security measures? 

□ How will the substitute technologies interface with other controls systems in the school (e.g., those for 
the lighting and HVAC systems)? 

□ If substitutions are accepted, will they be as easy to operate, maintain, and repair as the originally 
specified products and systems? 

13. Superior Indoor Air Quality 

□ Have any substitutions been proposed (alternate materials, a different ventilation system) that could 
impact indoor air quality? 

□ Are all substitute materials low emitters of indoor contaminants? 

□ Do substitute materials require different cleaning processes that may contaminate indoor air? 

□ Are substitutions being proposed for materials or assemblies which are designed to act as barriers to 
sources of indoor contaminants? Will the substitute materials/assemblies also act as effective barriers? 

14. Thermal Comfort 

□ Have any substitutions been proposed (alternate glazing materials, different types of insulation, different 
types of ventilation hardware) that could affect thermal comfort, especially in the classrooms? 

□ If these substitutions are accepted, how will they influence the thermal comfort of students and 
teachers, the energy performance of the building, and its life cycle cost? 

15. Visual Comfort 

□ Have any substitutions been proposed (alternate glazing materials, different types of lamps or light 
fixtures, alternate colors for walls, floors or ceilings) that could affect visual comfort, especially in the 
classrooms? 

□ If these substitutions are accepted, how will they influence the visual comfort of students and teachers, 
the energy performance of the building, and its life cycle cost? 

16. Water Efficiency 

□ Have any substitutions been proposed (alternate plumbing fixtures, different types of landscape 
vegetation, an alternate irrigation system) that could reduce the school's water efficiency? 

□ If these substitutions are accepted, how will they affect water use and overall life cycle costs at the 
facility? 




28 



High Performance School Buildings 

Process Guide 



Construction Administration 



Questions to ask during the course of construction to ensure that the building is 
being built as designed, that it will meet its performance goals and that any 
proposed material or product substitutions do not adversely affect these goals. 

1. Acoustic Comfort 

□ Is the building being constructed as designed so as to achieve acoustic comfort? 

□ Have any substitutions been proposed (alternate wall/floor/ceiling materials, different types of HVAC 
equipment) that could influence acoustical quality, particularly in the classrooms? 

□ If these substitutions are accepted, how will they affect overall acoustic comfort? 

2. Commissioning 

□ Has the commissioning plan been implemented? 

□ Has the functional performance of key systems been tested and verified? 

□ Are the results documented in a commissioning report? 

□ Have appropriate school staff been trained concerning proper operation of system equipment and 
controls? 

3. Daylighting 

□ Is the building, especially the classrooms, being constructed as designed to provide as much natural light 
as possible? 

□ Have any substitutions been proposed (alternate glazing materials, different types of shading) that could 
diminish the intended performance of the daylighting system? 

□ If these substitutions are accepted, how will they affect system performance, visual comfort, and life 
cycle cost? 

4. Energy Analysis Tools 

□ Are the energy analysis tool(s) selected for the project being used to evaluate the energy consumption 
consequences of proposed material, product, or system substitutions? 

□ Do the substitutions impede the school's ability to meet its energy goal? 

5. Energy Efficient Building Shell 

□ Is the building shell being constructed as designed to achieve a high level of energy efficiency? 

□ Have any substitutions been proposed - alternate glazing materials, different types of insulation, 
alternate roofing products - that could diminish the intended performance of the building shell? 

□ If these substitutions are accepted, how will they affect the building's energy performance and its life 
cycle cost? 

6. Environmentally Preferable Materials and Products 

□ Are efforts being made to minimize construction waste? 

□ Is some percentage of demolition and/or land clearing waste being salvaged or recycled? 

□ Is the building being constructed using the environmentally preferable products specified? 

□ Are all proposed substitutions equal to or better than the specified products in terms of their 
environmental attributes? 

□ Are the substitutions also functionally equivalent to the specified products? (In other words, if they are 
accepted, they should not adversely affect the performance of the system or assembly in which they are 
used.) 

□ What analyses have been performed to ensure that substitutions will not degrade environmental quality 
or system performance? 

7. Environmentally Responsive Site Planning 

□ Is the site being constructed and landscaped in the environmentally responsive way it was designed? 

□ Have any substitutions been proposed (different plants, alternate materials for parking lots or walkways, 
alternate exterior light fixtures) that could diminish the environmental quality of the site plan? 

□ Will any of these substitutions impact the performance of the building? (For example, fewer trees may 
mean less shade and more heat gain in daylit classrooms.) 

□ Have these impacts been analyzed? How will they affect the overall life cycle cost of the facility? 



8. High Performance HVAC 

□ Is the HVAC system being installed as designed, to achieve high performance? 

□ Have any substitutions been proposed - alternate equipment, different types of controls, alternate 
delivery hardware (e.g. diffusers) - that could modify system performance? 

□ After the substitutions, will the system still be 'right sized' to meet the demand (not over- or under- 
sized)? 

□ If these substitutions are accepted, how will they affect the building's energy performance and its life 
cycle cost? 

9. High Performance Electric Lighting 

□ Is the electric lighting system being installed as designed, to achieve high performance? 

□ Have any substitutions been proposed (alternate lamps, ballasts or controls) that could diminish the 
intended performance of the electric lighting system? 

□ Will these substitutions provide the same level of visual comfort as the design calls for? 

□ Will they add any additional waste heat to the space? 

□ Will they work correctly with the specified control system(s)? 

□ If these substitutions are accepted, how will they affect visual comfort, energy performance, and life 
cycle cost? 

10. Life Cycle Cost Analysis 

□ Is the life cycle cost methodology identified for the project being used to analyze proposed material or 
product substitutions in terms of their impacts on overall performance and cost effectiveness? 

11. Renewable Energy 

□ Are the renewable energy systems being installed as designed to achieve high performance? 

□ Have any substitutions been proposed - to specific systems or to the materials from which the systems 
are constructed - that could diminish intended performance? 

□ If these substitutions are accepted, how will they impact the energy performance and life cycle cost of 
the whole facility? 

12. Safety and Security 

□ Is the building being constructed as designed, to improve security? 

□ Are security technologies being installed as designed? 

□ Have any material substitutions been proposed that could reduce the durability - and increase the 
vulnerability - of critical areas in the building (like entrances)? 

□ Have any security technology substitutions been proposed? 

□ How well will the alternative technologies fit in with and complement the school's design-focused 
security measures? 

□ How will the substitute technologies interface with other control systems in the school (e.g., those for 
the lighting and HVAC systems)? 

□ If substitutions are accepted, will they be as easy to operate, maintain and repair as the originally 
specified products and systems? 

13. Superior Indoor Air Quality 

□ Is the impact of the construction process on indoor air quality - for workers and, in the case of 
renovations, for students and teachers - being managed? 

□ Is the building being constructed as designed, to ensure healthful indoor air quality? 

□ Have any substitutions been proposed (alternate materials, a different ventilation system) that could 
adversely affect indoor air quality? 

□ Are all substitute materials low emitters of indoor contaminants? 

□ Do substitute materials require different cleaning processes that may contaminate indoor air? 

□ Are substitutions being proposed for materials or assemblies that are designed to serve as barriers to 
sources of indoor contaminants? Will the substitute materials/assemblies also act as effective barriers? 

□ Is there a plan to 'flush out' the facility for at least 72 hours after construction and before occupancy? 
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14. Thermal Comfort 

□ Is the building being constructed as designed, for optimal thermal comfort, especially in the classrooms? 

□ Have any substitutions been proposed - alternate glazing materials, different types of insulation, 
different types of ventilation hardware - that could affect thermal comfort, especially in the classrooms? 

□ If these substitutions are accepted, how will they affect the thermal comfort of students and teachers, 
the energy performance of the building, and its life cycle cost? 

15. Visual Comfort 

□ Is the building being constructed as designed, to enhance visual comfort, especially in the classrooms? 

□ Have any substitutions been proposed (alternate glazing materials, different types of lamps or light 
fixtures, alternate colors for walls, floors or ceilings) that could affect visual comfort, especially in the 
classrooms? 

□ If these substitutions are accepted, how will they influence the visual comfort of students and teachers, 
the energy performance of the building, and its life cycle cost? 

16. Water Efficiency 

□ Are the building and grounds being constructed as designed, to conserve water? 

□ Have any substitutions been proposed (alternate plumbing fixtures, different types of landscape 
vegetation, an alternate irrigation system) that could reduce the water efficiency of the school? 

□ If these substitutions are accepted, how will they affect water use and overall life cycle costs at the 
facility? 



High Performance School Buildings 

Introducing the Building Blocks of High Performance 
School Buildings 



Section 3 of the Resource & Strategy Guide provides an overview of 
the key components of a high performance school building. 
Information is presented in a series of 2-page Building Block 'briefs', 
each covering one of the following building components or 
attributes: 

Acoustic Comfort 

Commissioning 

Daylighting 

Energy Analysis Tools 

Energy Efficient Building Shell 

Environmentally Preferable Materials and Products 

Environmentally Responsive Site Planning 

High Performance HVAC 

High Performance Electric Lighting 

Life Cycle Cost Analysis 

Renewable Energy 

Safety and Security 

Superior Indoor Air Quality 

Thermal Comfort 

Visual Comfort 

Water Efficiency 

Each brief presents a quick overview of the key aspects of the 
particular component or system: 

What it is; 

Why it's important for ensuring high performance; 

How it can be incorporated into a new school building; 

How it impacts other building components and systems. 

The discussions are purposely short, and are only intended to provide 
an introduction to key issues and concepts. Further information can 
be found by accessing the resources listed at the end of each Building 
Block. 

The Building Blocks are particularly valuable when used in conjunction 
with the Process Guide (Section 2 of the Resource & Strategy Guide). 
As questions from the Process Guide are analyzed and discussed over 
the successive phases of the school development process, the 
Building Blocks section can be consulted for additional information 
and for access to in-depth resources on a given topic. 




A recent study of large, urban 
schools in Virginia has found a 
strong relationship between building 
condition and student performance. 
In substandard buildings, student 
achievement was as much as 1 1 
percentile points lower than in 
above-standard facilities. 

Source: Hines, Eric (1996) Building 
Condition and Student Achievement 
and Behavior. Unpublished doctoral 
dissertation. Blacksburg, VA: Virginia 
Polytechnic Institute and State 
University 



"High performance school 
buildings - facilities that integrate 
the latest design strategies and 
building technologies to create the 
highest quality learning and 
teaching environments - are 
achievable now. We're seeing 
examples all across the country. 
With the tools and systems 
available today, there's no reason 
that every new school can't be a 
high achiever when it comes to 
building performance. * 

- Deane Evans, FAIA 
Vice Chair, Sustainable Buildings 
Industry Council 
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High Performance School Buildings 

Building Block #1 




What 

Parents, students, teachers, and administrators across the 
country are increasingly concerned that classroom acoustics are 
inadequate for proper learning. Noise from outside the school 
(vehicular traffic and aircraft flyover), hallways (foot traffic and 
conversation), other classrooms (amplified sound systems and 
inadequate sound attenuation), mechanical equipment 
(compressors, boilers and ventilation systems), and even sound 
from within the classroom itself (reverberation) can all hamper 
students' concentration. The message has even reached the 
Access Board, the organization that supports implementation of 
the Americans with Disabilities Act, which has received 
complaints concerning the effects of bad acoustics on hearing- 
impaired students. 

A high performance school should address these potential 
problems and ensure a superior acoustical environment by: 

• Reducing sound reverberation time inside the classroom; 

• Limiting transmission of noise from outside the classroom; 
and 

• Minimizing background noise from the building's heating, 
ventilating, and air conditioning system. 
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Why 

Trying to hear in a poor acoustical environment is like 
trying to read in a room with the lights off: stress increases, 
concentration decreases, and learning is impaired. This is 
especially true for younger students (the ability to sort 
meaningful signals from noise is not fully developed until 
children reach their teens), those for whom English is a second 
language, and those with hearing impairments. Although little 
consideration has historically been given to acoustic design in 
classrooms - as opposed to lighting and ventilation - this 
situation is beginning to change. The information and tools 
needed to design classrooms for high acoustical performance 
now exist. They can be used to ensure that any newly 
constructed classroom provides an acoustic environment that 
positively enhances the learning experience for students and 
teachers. 
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Acoustic Comfort 




Sterling Montessori Academy - 
Morrisville, NC 



The roof monitors that bring 
daylight into the classrooms of 
this 200-student elementary 
school in a Raleigh suburb provide 
an added benefit: improved 
acoustics. The large , open space 
under the monitors, plus the 
baffles used to control glare, help 
damp sound throughout the 
classroom. The result is an 
improved environment for 
teaching and learning. 

When asked to name the best 
feature of her new classroom, 
a teacher at the school 
unhesitatingly responded by 
pointing up the great acoustics, 
surprising the architects who had 
expected the substantial amount 
of daylight to be the answer. 
Happily, the roof monitors provide 
both. 



Sustainable Buildings Industry Council 
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